Fourteen cases of gangliogliorna are analyzed. This tumor can be found anywhere within the central nervous system. The histological appearance is highly variable and does not relate to the biological behavior. The prognosis depends on the location and possible modes of treatment. Overall, the lesion appears to be nonaggressive and consistent with long survival.
T

UMORS of the central nervous system (CNS) con-
taining nerve cells or their precursors are well known. 1,2,4,7,~~ The relative rarity of some types of tumor, the confusing terminology, and the lack of histogenetic information have prevented a clear understanding of these entities. Ganglioglioma is a tumor that consists of a mixture of glial cells and differentiated nerve cells. At one time, the existence of such a tumor was doubted, but it is now widely recognized. Recent studies attest to the fact that it is not as rare as had been thought, s,9 Ganglioglioma is considered a tumor of relatively low-grade malignancy, with a rather slow clinical course.
In this study, we define ganglioglioma as a neoplasm of the CNS composed of a mixture of neural and glial cells. Both cellular elements show cytological features of neoplasia, while varying in their relative proportions and regional differentiation. Cells labeled as ganglionic must show markers of nerve-cell differentiation, such as Nissl substance and neurofibrils. They must also be distinguished from non-neoplastic neurons that might be surrounded by a glial tumor. 3,5 The purpose of our investigation was to determine whether the histological appearance of the tumor correlates with the clinical course of the patient.
Clinical Material and Methods
The cases were collected from the files of the Division of Neuropathology of the Institute of Pathology of Case Western Reserve University. All the cases diagnosed as gangliogliomas as well as those with tumors in which ganglion cells were described as a component were examined. Eighteen cases were collected for a detailed review, but four were excluded --three because they did not fulfill the diagnostic criteria, and one because of insufficient histological material. Clinical information was obtained from the autopsy protocols, the hospital charts, and the inpatient records of the Division of Neurosurgery of the University Hospitals of Cleveland. Histology material was obtained from the autopsy or surgical collections. The tissue was fixed in 10% neutral formalin. Paraffin-embedded sections were stained with hematoxylin and eosin, crystal violet, reticulin, modified Bielschowski, phosphotungstic acid hematoxylin (PTAH), Bodian, myelin, periodic acid-Schiff (PAS), and glial acidic fibrillary protein (GFAP). Three of the cases had plastic-embedded material available for electron microscopic examination. The clinical information and histological findings were first reviewed independently of each other, and they were then correlated.
The diagnosis of ganglioglioma was made according to the criteria of Russell and Rubinstein: 17 1) the tumor was composed of a mixture of glial cells and neurons; 2) glial cells consisted mostly of astrocytes; 3) the cells were identified as neurons only if Nissl substance could be demonstrated by crystal violet stain or if they gave origin to neuronal processes demonstrated by modified Bielschowski or Bodian stains. For neuronal cells to be recorded as neoplastic, they had to be either clearly heterotopic (located away from gray matter) or atypical (showing disorientation, bizarre shapes or sizes, and nuclei with hyperchromatism and frequent binucleation). Care was taken not to record as neoplastic neurons that were in their normal locations surrounded by infiltrating tumor. The cell den- sity was recorded as low, medium, or high. The overall histological pattern of the tumor was described. Microcysts were noted, as were mineral deposits that had occurred either as organized granules within the parenchyma or as mineralization of the wall of the tumor vessels. Evidence of spontaneous bleeding was sought. The vascular density and presence or absence of endothelial proliferation were evaluated. The presence and density of connective tissue were established on the basis of reticulin stain. Connective tissue was found in association with leptomeningeal desmoplasia. Relative proportions of the individual cell types were recorded. The arrangement, pleomorphism, and cell density of individual cell components were evaluated for neurons, astrocytes, oligodendroglia, and microglia. Evidence of mitotic activity, presence of Rosenthal fibers, and eosinophilic granular bodies was sought.
Results
The clinical histories of the 14 patients are summarized in Table 1 . Of the 14, six presented in their first decade and five between 11 and 21 years of age. In one patient (Case 14), aged 80 years, the tumor was an incidental finding at autopsy. Eight of the tumors originated from the cerebral hemispheres, while six were located in the midline, brain stem, or spinal cord. The follow-up period ranged from 2 to 14 years. Two of the patients are at present surviving as normal; three have died. The remainder have various degrees of incapacitation.
The histological findings are summarized in Table  2 . The cell density varied from low to high but was mainly in the mid range. In the cases with two or more consecutive surgical specimens and in those with surgical as well as autopsy examinations there was no evidence of significant progression in the cell density and no clear-cut correlation between the astrocytic cell density and the cellular pleomorphism. The cell density was high and the cells quite uniform in some of the cases; in others, the cellular appearance was highly pleomorphic but the cell density not very high (Fig. 1) . The ganglion cells were highly pleomorphic in three cases. None of these stained positively with glial acidic In one of these, the pleomorphism correlated to the glial pleomorphism; in the other two, the glial cells were less pleomorphic than the ganglion cells. Mitotic activity was not significant in any of the cases. Foci of necrosis and hemorrhages were found in seven of the 14 cases (Fig. 2) . Again, no clear-cut correlation was found between these changes and cell density and pleomorphism. The vascularity of the tumor conformed to the general pattern of cell density, that is, the higher the cellularity, the more prominent the vascularity. Endothelial proliferation tended to follow, although in a not very distinct pattern (Fig.  3) . Eight of the 14 cases showed mineral deposits, which were quite striking in five. Microcystic change of the glial background was highly prominent in two cases and moderate in five. In six patients, the tumor extended into the subarachnoid space (Fig. 4) ; in these cases the tumors originated in a subcortical location, the third ventricular region, or the cerebellum. Rosenthal fibers were prominent in three cases, and eosinophilic granular bodies in four.
Electron microscopic examination of three cases disclosed the features and types of cells similar to those described in previous reports) 3a5
Discussion
Ganglioglioma is a relatively rare tumor of the CNS. It has been reported as occurring most commonly in children and young adults. adolescence, representing an institutional incidence of 7.6% of the intrinsic CNS tumors in the pediatric population. Of the remaining three cases, one was 32 and one 35 years old; in one patient, aged 80 years, the tumor was noted as an incidental finding at postmortem examination. The reason for the seemingly high incidence in our pediatric population is not clear. It may be explained in part by our diagnostic methods and in part by the nature of the hospital population at our institution.
The primary aim of our study was to establish a correlation, if any, between the histological appearance of the lesion and the clinical course and the prognosis of the patient. The results of the review indicate a rather high variability in the histological appearance of the tumor. The cell density and pleomorphism of both the neural and the glial components varied from case to case and showed no consistent relationship. Some of the tumors had histological features usually associated with a diagnosis of glioblastoma multiforme, such as necrosis and hemorrhages, and increased vascularity with endothelial hyperplasia. These tended to occur in more cellular tumors, but, again, the correlation was not complete. The predominant glial component was unquestionably astrocytic, although significant fields of oligodendroglial cells participating in the neoplastic process were present in two cases. The astrocytic cell type was predominantly fibrous, except in one case where the prevalent cell form was gemistocytic. The arrangement of astrocytic cell types was quite varied, but streaming bipolar cells were prominent in several of the tumors. This appearance did not correlate to the location of the tumor; it was found in tumors arising near the third ventricle as well as in hemispheric tumors. The cytological appearance of the tumor did not correlate with its location. Histologically, malignant-appearing cells occurred in the hemispheric as well as in the midline tumors.
While the histological appearance of the neoplasm fails to serve a useful purpose in prognosis, the location seems to correlate better with the course of the disease. Eight of our cases had tumors localized in the cerebral hemispheres. Of these, seven have been followed 2 to 8 years, five have varying neurological deficits, and two are normal. The remaining patient (Case 12) sustained severe damage secondary to posttreatment infection which resulted in wide destruction of the central nervous system. He died of a combina- tion of tumor progression and chronic infection 3 years after surgery. Of the six lesions located close to the midline, one in the spinal cord was found incidentally at autopsy. The other five patients were all extensively disabled: one died 14 years and one 21/2 years after surgery, and the other three are surviving, from 4 to 8 years, but all have severe dysfunction and are totally dependent on nursing care.
Two aspects of the possible evolution in the natural history of the tumor may be commented on. The first is exemplified by Case 14, in which the tumor was an incidental finding at autopsy. That lesion was the best developed tumor with the highest proportion of mature ganglion cells in the series. It suggests, like its counterpart in the peripheral ganglion cell tumors, that this neoplasm may reach a degree of maturation that limits the neoplastic process and makes possible a symbiotic state with the host. Conversely, none of our tumors had extensive accumulations of primitive or maturing stages of neural cell series, such as were illustrated by Wolf and Morton, TM Liss," or Durity, et al? The maturity of neuronal components in our series could be judged only by the extent of the axonal processes seen in the part of the tumor that contains them. In one case, an attempt was made to determine the number of multiplying cells through labeling with tritiated thymidine. All the cells that became marked were histologically consistent with astrocytic series; none of the identifiable neurons contained labels. In two cases (Cases 7 and 8), we had the opportunity to compare two surgical specimens, excised 1 and 3 years apart, and in two others (Cases 5 and 12), the specimens were obtained at surgery and at autopsy. In none of these was there a significant progression in the maturation or number of the ganglionic cells. Similarly, the astrocytic components had remained remarkably stable in three of the cases, while in the fourth there was a suggestion of upgrading of cell density and pleomorphism along with an increase in vascular proliferation between the specimen from surgery and that from the autopsy obtained 7 years later.
The survival rate in our group is comparable to that for the cases reported in the literature. It seems quite clear that the tumors in which the ganglion cells participate in the neoplasm formation are slow growing and nonaggressive. This finding holds true even if the glial component shows the characteristics used as an indication of malignancy in other situations. It is important to recognize these tumors, as the prognosis seems to be better than in histologically similar astrocytomas or mixed glial tumors. Careful search for neoplastic ganglion cells is warranted in every glioma, particularly in the young age group. No lesions in our series could be compared to hamartomas. TM Their biological behavior as well as histological appearance indicate a true neoplastic nature for these lesions.
It appears that for the tumors found in the cerebral hemispheres, for which significant surgical removal is possible, no x-ray treatment should be used initially. The patient should be followed closely with computerized tomography and given radiation therapy only when progression of the tumor growth is documented. This course of action has been recommended by Garrido, et al.? because these tumors show little propensity for growth, even without radiation therapy. The low potential for malignant activity of these tumors is further documented by this study. The inherent risk of radiation therapy, especially to the growing brain, and the ability to document even small increases in size of the tumor with serial examinations with CT scanning, justify withholding radiation therapy after initial debulking in hemispheric lesions. The tumors arising in the midline carry a poor prognosis and result in significant neurological deficit; no therapeutic recommendation is possible for this group.
